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ABSTRACT
A specific immunofluorescent staining technique has been used for the identification of
Corynebacterium acnes in tissue specimens. Bacterial antigen has been identified in the
sebaceous follicles of the face in normal subjects and in the uninvolved skin of acne sub-
jects. Bacterial antigen was rarely found in normal skin of the back in normal subjects and
in the uninvolved skin of the back of acne subjects. Positive staining was found in 7 of
11 comedones and in all 30 inflammatory papules, pustules, and nodules. Most of the
fluorescence in the inflammatory lesion was found within the confines of the follicle, al-
though small amounts of bacterial antigen were found in the dermal infiltrate and within
macrophages.
The detection by Unna of Corynebacterium
acnes in comedones (1) and the subsequent
cultivation of the same organism from lesions of
acne vulgaris by Sabouraud (2) initially led
to the acceptance of an important role for
C. acnes in the pathogenesis of acne. Subse-
quently, Lovejoy and Hastings isolated C. acnes
from sebum expressed from the sebaceous
glands of normal skin (3), and other investi-
gations demonstrated that this organism was a
regular constituent of the normal skin flora (4).
These latter observations east considerable doubt
about the importance of this organism in the
pathogenesis of acne vulgaris. In recent years,
the increasing use of antibiotic therapy for acne
vulgaris has again aroused interest in the pos-
sible role of C. aenes in this disease.
Prior studies of the distribution of C. acnes
have been dependent upon cultural techniques
(4, 5). Contamination from the surface of the
skin and other technical difficulties limit the
value of cultures for the assessment of the bac-.
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terial flora within the follicular canal and in
acne lesions. These limitations have prompted
the present investigation of immunofluorescent
staining for more precise localization of C. acnes
in acne lesions and in the skin of normal sub-
jects.
MATERIALS AND METHODS
Preparation of C. acnes antiserum. C. acnes,
strain 6919, obtained from the American Type
Culture Collection, was cultured initially in thio-
glycollate broth to insure luxuriant growth. This
was used to inoculate brain heart infusion agar
plates with 5% horse blood. These were cultured
anaerobically for 48 hours. The bacterial growth
was harvested in sterile saline, treated overnight
with 0.5% formalin, washed three times with sterile
saline, resuspended in sterile saline to a concentra-
tion of 1 mg of bacteria per ml, and stored at
4°C.
Albino rabbits weighing 2.0—2.5 kg were injected
intravenously with the suspension of C. acnes. The
course of immunization consisted of 3 injections
on successive days followed by a 4-day rest period
for each of three weeks. The first injection con-
sisted of 0.5 ml and was increased 0.5 ml each day
until 4.5 ml were injected. Agglutination titers in
sera obtained 5 days after the last injection were
1:2560. Animals were anesthetized 7 days after the
last injection and exsanguinated. The serum was
separated and stored at 4° C until used.
Conjugation of antiserum. The crude globulin
fraction of the C. acnes antiserum was separated by
three precipitations with one-third saturated am-
monium sulfate at 4° C. The precipitate was dis-
solved in sterile saline and dialyzed against .067 M
phosphate buffered saline (PBS), pH 7.1, for 14
days. The globulin was conjugated with fluorescein
isothiocyanate for 6 hours by the method of Mar-
shall et al. (6) with a dye to protein ratio of 1:40.
The conjugate was dialyzed against PBS for ii
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days until no trace of fluorescence was visible in
the dialysate.
Purification of conjugate. Removal of nonspe-
cific staining material in the conjugate was ac-
complished by fractionation through a DEAE-
cellulose column at 4° C. Eluates obtained using
0.05 M phosphate buffer (pH 6.4) were concen-
trated by dialysis against 20% polyvinylpyrrolidi-
none. The conjugate was then dialyzed against
PBS for 10 days and stored in the cold room at
4° C. The protein content of the purified conju-
gates, determined by the Kjeldahl method, was 1.8
mg/mi.
The conjugated antiserum was absorbed with C.
diphtheriae (gravis) and a strain of S. aureus 0 to
eliminate weak reactivity with these bacteria. (See
Results.)
Preparation of smears. Bacteria grown in liquid
media were smeared on clean nonfluoreseent glass
slides. After they were air-dried, they were fixed in
95% ethanol for 30 minutes and immersed in PBS
at room temperature. Immunofluorescent staining
was carried out as described below.
Preparation of tissue sections. Punch biopsy
TABLE I
Immunofluorescent staining of bacteria with
C. acnes antiserum
Conjugated C. sc,ses
antiserum
alter
before
absorption
absorption
aur?jand
C. diplztherioe
Corynebacterium acnes
(6919) +++ +++
(6922) +++ +++
(A7) +++ +++
(A 12) +++ +++
(ames) +++ +++
(B) +++ +++
Corynebacterium diphthe-
riae
(gravis) —
(intermedius) —
(mitis) — —
Corynebacterium hoffmsnii — —
Staph ylococcus anreus
0 + —0
—
w
K - -
Staphylococcus albus
P .. —
12 — —
13 — —
specimens or contents of acne lesions were rapidly
frozen in 95% ethanol pre-cooled to —20° C. One
to two hours later, they were fixed in 95% ethanol
at 4° C for one to two days and then embedded
in paraffin, using the method described by Sainte-
Marie (7). They were stored in the refrigerator at
4° C until sectioning. Sections were cut at a thick-
ness of 6.0 e and placed on clean non-fluorescent
glass slides. Before staining, sections were de-
paraffinized, using xylene and ethanol, and then
immersed in PBS at room temperature for 10 to 20
minutes.
Staining and examine tion of specimens. Multi-
ple sections were made of biopsy specimens from
human skin. The mounted specimens were im-
mersed in PBS and transferred to a moist chamber.
One or two drops of fluorescent C. acnes antiserum
were used to cover the sections. After overnight in-
cubation at room temperature, the slides were
rinsed several times in cold PBS, and the sections
were mounted in buffered glycerol for subsequent
examination under a fluorescence microscope.
A Leitz fluorescence microscope with ultraviolet
light from an Osram HBO 200 maximum pressure
mercury lamp, 2 mm UGI exciter filter and a 2.5
mm Euphos barrier filter was employed for exami-
nation of the stained specimens. Photomicrographs
were taken on 35 mm Kodak Tri-X Pan black-and-
white film.
Determination of specificity of the reaction.
The specificity of the staining reaction with conju-
gated C. acnes antiserum was determined by (1)
the absence of staining of the adjacent sections
after absorption of conjugated C. ocnes anti-serum
with C. acnes, and (2) the absence of staining of
adjacent sections with conjugated S. typhosa or B.
coli 0:14 antiserum.
RESULTS
Staining of Bacterial Smears
Initial evaluations of the specificity of im-
munofluorescent staining with conjugated C.
acnes antiserum were carried out using smears
of overnight broth cultures of homologous and
heterologous bacteria. The results of staining of
strains of C. acnes, other eorynebaeteria, S.
aureus, and S. albus with unabsorbed C. acnes
antiserum and with antiserum which had been
absorbed with C. diphtheriae and S. aureus 0
are given in Table I. All strains of C. acnes
were stained intensely with unabsorbed conju-
gated C. acnes antiserum (Fig. 1). In contrast,
no staining was observed with the three strains
of S. albus studied, but faint staining was noted
with two of the four strains of heterologous
corynebaeteria and four of the five strains of
S. aureus with unabsorbed conjugated C. acnes
antf serum. Adsorption of the C. acnes antiserum
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FIG. 1. Smear of C. acnes stained with anticorynebacterium acnes conjugate. X 740
with C. diphtheriae and S. aureus 0 completely
removed antibodies responsible for the staining
of strains of S. aureus and heterologous coryne-.
bacteria without diminishing the staining of the
six strains of C. acnes studied.
Localization of C. acnes and Bacterial
Antigen in Normal or
Uninvolved Skin
A. Face. Punch biopsy specimens from the
face of nine normal subjects and the expressed
follicular contents from the face of one normal
subject were obtained for immunofluorescent
staining. Biopsies were also obtained from
areas of uninvolved facial skin from five patients
with acne vulgaris for similar studies.
Intact bacteria or bacterial antigen in which
cell structure could not be delineated were read-
ily detectable in the tissue sections as bright
apple-green fluorescence. Autofluorescence from
several sources was seen but, as noted below,
this was readily distinguished from the specific
fluorescence of the antigen-antibody reaction.
Brown autofluorescence was observed in the
epidermis or epithelium of appendages while
light-blue auto-fluorescence was noted in the
horny layer, hair, and elastic fibers. Collagen
fibers produced a dark-blue autofluorescenee.
Sebum was whitish grey in color.
Abundant bacterial antigen was detected
within the pilosebaceous canal in 6 of 10 speci-
mens from normal facial skin and in 2 of 5
specimens of uninvolved facial skin from acne
patients (Table II). Within the pilosebaceous
canal, bacterial antigen appeared as large masses
of fluorescent-stained material in which in-
dividual bacteria were difficult to distinguish.
In some biopsies fluorescent staining antigen
almost completely filled a dilated pilosebaceous
canal (Fig. 2), but in other instances antigen
was detectable only in the center of the plo-
sebaceous canal (Fig. 3). Antigen was
never observed within the sebaceous glands,
sweat glands, or within hair shafts.
Antigen was also detected in the horny
layer in approximately the same number of
specimens. Antigen was usually found in both
sites (pilosebaceous and epidermal) in the same
specimen. In fact, only twice was it observed in
only one of these two sites. The bacterial
antigen observed at the skin surface was almost
always seen near the opening of the pilose-
baceous canals within the horny layer. Small
clusters of individual bacteria as well as sparse
quantities of antigen without definite structural
organization were noted (Fig. 4).
B. Back. The results of fluorescent staining
for bacterial antigen of punch biopsies ob-
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TABLE II tamed from the backs of 9 healthy subjects
Immnnofluorescent staining for C. acnes antigen and from uninvolved areas of the back from
in normal and uninvolved skin of the face 9 acne patients are given in Table III. Antigen
was found in the pilosebaceous canals in only
Pilosebaceous canal Horny layer one biopsy from a normal back and in one
Skin of normal + + biopsy of uninvolved skin of an acne patient.
subjects + + The appearance of antigen in these biopsy
— + specimens was similar to that of specimens
— — from the face. Minor amounts of bacterial
antigen were identified in the horny layer of 5
— — subjects.
+ + Localization and Distribution of C. acnes
or Bacterial Antigen in Acne Lesions
— Specimens were obtained from 41 acne le-
6/lOt 5/9 sions. The results of inimunofluorescent stain-
Uninvolvedskinof — — ing of these lesions are given in Table IV. The
acne patients — — results shown relate only to antigen found
+ + within the contents of the pilosebaceous canal
— — or in the inflammatory infiltrate. Antigen
+ + localized solely to the horny layer was disre-
garded in this group of specimens./ A. Non-inflammatory lesions. Four open
* Expressed contents comedones from the face and seven open
t Positive biopsies/total rio. of biopsies comedones of the back were examined. Large
Fins. 2 AND 3.
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each specimen within the pilosebaceous canal
and in the inflammatory infiltrate around the
follicles (Table IV).
Bacterial antigen within the dilated and dis-
rupted pilosebaceous canals usually appeared as
clumps of densely staining antigen in which it
was difficult to distinguish bacterial structure
TABLE III
FIG. 4. Follicular canal from normal back skin
showing a small amount of bacterial antigen (B)
on the surface in the horny material at the follicu-
lar mouth. Considerable autofluorescence from the
elastic fibers (E) is seen in the dermis. X 277.
quantities of bacterial antigen were detected in
all of the comedoncs of the face and in three
of the seven comedones of the back (Table IV).
In most areas, antigen appeared as dense
amorphous masses of fluorescent staining ma-
terial (Fig. 5). Usually antigen was deposited
diffusely throughout the comedone, although in
some specimens only small localized deposits of
antigen were detected. In some areas, how-
ever, rod-shaped structures morphologically re-
sembling C. aenes were observed in lamellated __________________________________________
masses or palisade-like arrangements.
B. Inflammatory acne lesions. Inflammatory
_______________ ___________________________
acne lesions examined consisted of 7 papules (6
from the face and one from the back), 11
pustules (4 from the face and 7 from the back),
____________________________________________
and 12 nodules (3 from the face and 9 from the
back). Bacterial antigen was demonstrable in
Immunofluorescent staining for C. acnes antigen in
normal and uninvolved skin of the back
Pilosebaceous
canal Horny layer
Skin of normal
subjects
—
—
—
+
- +
+ +
Uninvolved skin of
acne patients
1/9*
—
—
-
+
3/9
—
—
+
+
1/9 2/9
* Positive biopsies/total no. of biopsies
TABLE IV
Incidence of immunoflnorescent staining for C.
acnes antigen in acne lesions of the face and back
I Open I I
jcornedones Papules Pustules Nodules
Face 4/4* 6/6 4/4 3/3
Back 3/7 1/1 7/7
j
9/9
* Expressed as number of positive lesions per
total no. of lesions examined.
FIG. 2. Sebaceous follicle of the face from a normal subject showing large quantities of
bacterial antigen (B) in the follicular lumen. The circular area near the follicular mouth
represents autofluorescence of a cross section of a hair (II). X 286.
FIG. 3. Sebaceous follicle of the face from the uninvolved skin of a patient with acne
showing bacterial antigen (B) only in the central portion of the follicular canal. Cross sec-
tion. X 286.
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FIG. 5. Open comedo with intensive staining of bacterial antigen. Most of the fluores-
cence is in lamellated and amorphous masses, although a few individual bacteria can be
visualized. >< 530.
although individual bacteria were sometimes
found in the pilosebaceous canal. In the dermal
infiltrate, in contrast, the quantity of antigen
was surprisingly small in comparison with large
quantities of antigen present in the pilose-
baceous canal. Individual bacteria were usually
identifiable, and there were only small quan-
tities of particulate granular antigen in these
areas (Fig. 6). Bacterial antigen was occa-
sionally found within macrophages (Fig. 7). No
bacterial antigen was detected beyond the
limits of the inflammatory cell infiltration.
Localization and Distribution of C. acnes
and Bacterial Antigen in Acne Lesions
Treated with Antibiotics
The contents of 22 acne lesions obtained
from patients treated with tetracycline (20
cases) or erythromycin (2 cases) for variable
periods of time were examined. Bacterial anti-
gen was readily apparent in sixteen of the
specimens (Table V). Antigen could not be de-
tected or was, at best, equivocal in six of the
specimens. The frequency with which bacterial
a.ntigen was detectable appeared to bear some
possible correlation to the duration of antibiotic
therapy. Eleven of the 13 specimens obtained
from patients receiving antibiotics for less than
one year showed definite staining. In contrast,
antigen was demonstrated unequivocally in only
5 of the 9 specimens obtained from patients
receiving treatment for longer than one year.
DISCUSSION
The current studies were undertaken to de-
velop a sensitive technique for determining the
localization and the distribution of C. acnes in
the skin and in acne lesions. The detection of
bacteria by the usual histologic methods is
fraught with difficulties. It is difficult to find
individual bacteria, and identification is often
questionable since it must be based solely upon
morphologic characteristics. In addition, rou-
tine histologic staining fails to identify bacterial
antigen when it is not in the form of intact
bacteria. Cultivation of C. acnes may be diffi-
cult if the necessity for strict anaerobiasis is
ignored, and rapidly growing surface con-
taminants may obscure the slower growing C.
acnes. Finally, cultures provide information
only in relation to the bacterial flora present
and do not identify the actual site of bacterial
localization.
Specific immunofluorescent staining appears
to circumvent many of these difficulties. Ini-
tially, in our studies, some heterologous bac-
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Fic. 6. Inflammatory reaction surrounding a pustule containing deposits of bacterial an-
tigen, much of which is located within macrophages. X 530.
Fic. 7. Inflammatory reaction in a pustule showing two macrophages (M) containing
bacterial antigen. The fluorescent staining materials on the left represent autofluorescence
of the elastic fibers (E). )< 530.
teria cross-reacted weakly with the conjugated
C. acnes antiserum, but adsorption of the anti-
serum completely removed such cross-reacting
antibodies. Autofluorcsccnce was frequently ob-
served in the tissue sections, but the distinctive
green color of stained antigen was readily dis-
tinguishable from the brown and light-blue
autofluorescence.
Distinct differences were apparent between
the frequency with which C. acnes or bacterial
antigen could be detected in biopsies of skin
from the back in comparison with biopsies from
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TABLE V
Incidence of imcinunofluorescent staining for C. acnes
antigen in acne lesions in patients receiving
antibiotic therapy
Fluorescent
staining
Number
Number negative
positive equivocal
staining
o 1
4 0
3 0
1 1
3 0
o i
3 2
2 1
the face. This observation confirms Marples'
report that the "headquarters" for C. acnes is
primarily on the face (5). It is notable also
that C. acnes or bacterial antigen was found
with approximately equal frequency in biopsies
of skin from normal subjects as in biopsies
from the same sites of uninvolved skin from
acne patients.
Bacterial antigen was found in all but 4 of
41 acne lesions. The frequency of detection of
bacterial antigen in acne lesions was signifi-
cantly greater than in biopsies from normal
skin or uninvolved skin of either the back
(x2 = 35.8; P < 0.001) or of the face (x' =
7.2; P <0.01).
The frequency with which bacterial antigen
was found in lesions in patients undergoing
antibiotic treatment appeared to decrease with
the increasing duration of antibiotic administra-
tion, but the changes were not statistically sig-
nificant. Failure to demonstrate a more striking
decrease in bacterial antigen after antibiotic
treatment may reflect persistence of bacterial
antigen rather than viable bacteria. Persistence
of bacterial antigen for months or years after
the disappearance cf viable bacteria has been
noted in both experimental and human pyclo-
nephritis (8,9).
The present studies neither confirm nor deny
a role for C. acnes in the pathogenesis of the
lesions of acne viilgaris. However, the relative
absence of organisms in back biopsies, except
when acne lesions are present, is suggestive
evidence. However, even in the inflammed le-
sions the preponderance of organisms is within
the follicle and not in the inflammatory in-
filtrate. This supports the concept that the
organisms may form free fatty acids through
lipolytic activity, and that products of lipoly-
sis, rather than bacteria or bacterial toxins, arc
the cause of the inflammation (10, 11).
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nuration of therapy
<1 month
1—3 months
3 months—i year
>1 year
Type of lesion
comedones
pustules
pustules
papules
pustules
comedones
pustules
nodules
